A new chromogenic reagent for the sensitive and selective determination of Pd 2+ ions in aqueous solution was synthesized. The reagent, 5,6-diphenyl-2,3-dihydro-1,2,4-triazine-3-thione, forms colored complexes with a few heavy metal ions. A 1:1 (M:L) yellowish orange colored complex of DPhDTT-Pd was formed in methanol. The molar absorptivity is 6.67×10 3 L mol -1 cm -1 . Bee's law was obeyed in the concentration range of 10-50 μg/mL at λ max 385 nm. The accuracy and precision of the method were evaluated on within-day and between-day basis; the relative error was ≤ 3.13 and the relative standard deviation was ≤3.96. The method was successfully applied to the synthetic samples and results compared with atomic absorption method. There was no significant difference between two methods (p>0.05).
Introduction
Palladium is a critical metal regarding to its biological effects and mobility in the environment. World demand for palladium has been increased more than doubled in the past ten years 1 . The increasing demand for palladium in many (different) fields of technology led in the recent years to wide investigations on its toxicological effects [2] [3] [4] [5] [6] .
Several applications for palladium have been considered which its demand as automotive emission control catalyst (for auto catalyst industry) is by far the highest one. Further uses are in electrical equipment, dental appliances, jewellery and as catalyst for a wide variety of hydrogenation, oxidation, dehydration, and cyclization 1,2,7-10 .
Thus due to the urgent need for specific monitoring of Pd ion in many industrial, environmental, and food samples there have been a number of reports on Flame Atomic Absorption Spectroscopy (FAAS) 11, 12 , (ETAAS) 13 , Inductively Coupled Plasma Mass Spectrometry 10,14 and x-ray fluorescence spectrometry 15 in the literature.
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However the above mentioned techniques involve relatively high operational costs of instruments and /or materials and high purity solvents. Also some spectrophotometric methods have been reported for determination of Pd 16-18. In recent years, we have prepared a number of triazine thione derivative reagents based on the 1,2,4-triazine-3-thion chromophore for determination [19] [20] [21] [22] of trace Cu
2+
, Ni and Hg ions.
Experimental
A shimadzu (160A, Kyoto, Japan) spectrophotometer with 1 cm quartz cells was used for all absorbance measurements under the following operating conditions. Scan speed high, Scan range 200-800 nm and slit width 2 nm. A pH-meter model Metrohm (Switzerland) was used for the pH adjustments. Atomic absorption spectrophotometer (AA Vaian 220) was used in this study. NMR Spectra were recorded on a Bruker FT-500 Spectrometer (Bruker, Rheinstetten, Germany) with tetramethyl silan (TMS) as internal standard. Infrared spectra were obtained using a perkin-Elmer Model 781 spectrograph.
Reagents
Sodium hydroxide, palladium chloride, amyl nitrite, thiosemicarbazide and surfactants (tween 80, SDS) were purchased from Merck (Germany). All solvents used were of analytical grade prepared from Duksan (Korea). Britton-Robinson buffer was used in the pH range of 5-12. NaOH was used for pH 13 and 14.
Standard solutions
A standard Pd 2+ solution as chloride salt was prepared in a 100 mL volumetric flask. The stock solution (100 μg/mL) was used to prepare the working solutions by suitable dilutions with distilled water. The solutions were stable at least 30 days in room temperature. The reagent solution (0.002 M) was prepared by dissolving accurately weight of pure reagent in sodium hydroxide (1 M). Freshly prepared solutions were used for all experiments.
General procedure
In a 10 mL volumetric flask, 1 mL of the solution containing 5-50 μg Pd 2+ and 1 mL of a 0.002 M DPhDTT reagent was added and the solutions were diluted up to the mark with distilled water. Absorbance was measured at 385 nm against the reagent blank. Calibration graphs were constructed by plotting the absorbance vs. Pd 2+ concentration.
Synthesis of 5,6-diphenyl-2,3-dihydro-1,2,4-triazine-3-thion
Synthesis of 5,6-diphenyl-2,3-dihydro-1,2,4-triazine-3-thion was performed according to the Scheme 1.
Synthesis of 2-hydroxy-1,2-diphenyl ethanone
In a 250 mL round bottom flask benzaldehyde (4.7 mol) and sodium cyanide (1 mol) were added to hot water /alcohol (1:1) solution and refluxed using water condenser for 4 h. The product, 2-hydroxy-1,2-diphenyl ethanone, was collected by filtration and washed with cold water. mp = 127-129 P ○ P C, yield =75%, IR (KBr); 3300 cmP -1 P , 1710 cmP -1 P , H NMR: (CDCL3); 7.80-7.98(m, 2H), 7.50-7.70 (m, 3H), 7.30-7.40 (m, 5H), 0.01 (s, H)
Synthesis of 5,6-diphenyl-2,3-dihydro-1,2,4-triazine-3-thion
The product [1] was oxidized using CuSOR 4 R in pyridine/water (2:1) solution in water bath (Temp. 80 P ○ washed with hydrochloric acid and used for synthesis of the reagent. The product was added to thiosemicarbazide and potassium carbonate in ethanolic media and refluxed at 80 ○ C for 5 h.
On cooling the reaction mixture a yellow colored product was separated out and crystallized using water /alcohol, yield 80%, mp = 125-130 ○ C. 
Composition of the absorbent complex
Adjusting the pH values of the working solution was carried out using Britton-Rabinson buffer solution (pH = 3-12). The effect of surfactants was evaluated using different amounts of sodium lauryl sulfate (0.1%), cetyltrimethyl ammonium chloride (0.1%) and tween 80 (3%). The composition of Pd-DPhDTT was examined by job's method. Continuous variation and limiting logarithmic method were used to determine the stoichiometry of ligand to metal ion. The proper ratio of ligand/metal for complex formation was determined by mol ratio method.
Results and Discussion
Selection of the reaction solvent 5,6-Diphenyl-2,3-dihydro-1,2,4-triazine-3-thione (DPhDTT) was synthesized due to our resent studies for preparing more sensitive and selective reagent for determination of trace amount of some toxic and nutritional ions. DPhDTT forms stable and yellow orange colored complex with Pd(II) in some aqueous and non-aqueous solvents. A solvent which could dissolve both the DPhDTT reagent and the DPhDTT-Pd complex would be a suitable solvent. On the other hand acceptable absorbance spectra for the formed complexes should be observed without the interference from the reagent. In this study, ethyl alcohol, methyl alcohol, water (basic media), chloroform, hexane, dichloromethane and acetonitrile were used. As seen from Table 1 the best results were observed by using methanol as a proper solvent. In this condition the DPhDTT-Pd showed a maximum absorption wavelength at 385 nm which was used for spectrophotometric measurements (Figure 1) . No interference was observed from the reagent at this wavelength. 
Effect of pH and surfactants on complex formation
The effect of pH on the complex formation was studied using Britton-Robinson buffer (pH = 3-11), sodium hydroxide 1 M, water and methanol. The results showed in Figure 2 reveal that the absorbance of the complex decreased in the presence of buffer and the maximum absorbance was obtained in methanol. Thus, methanolic solvent with no buffer was used for the subsequent work. The effect of cationic, anionic and non-ionic surfactants was studied using different amounts of cetrimide, sodium lauryl sulfate and tween 80. The results showed that surfactants caused turbidity in complex solution. 
Stoichiometry of the complex
Three different methods, mole ratio, continuous variation and limiting logarithmic method were used to find out the stoichiometry of the reaction. According to the results shown in Figures 3-5 , it was concluded that a complex with a 1:1 molar ratio was formed between the reagent and Pd. 
Stability of the complex
The formed DPhDTT-Pd complex was stable at least for 4 h (recovery> 98%).
Linearity
Six series of standard calibration solutions of Pd(II) were prepared in the range of 10-50 μg/mL and treated according to the general procedure. The results are shown in Table 2 .
Accuracy and Precision
To find out the accuracy and precision of the method three series of standard solutions of Pd(II) at 10, 20, 30, 40 and 50 μg/mL were used. The within-day and between-day accuracy and precision are presented in Table 3 . Acceptable CV and error values showed the suitability of the method for the determination of Pd samples in the studied calibration range. 
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Sensitivity
The limit of quantification (LOQ), limit of detection (LOD) and molar absorptivity of the proposed method, calculated according to the following equations, were 6.15 and 2.03 μg/mL and 6.67×10 3 respectively (Table 2 ). LOD =3.3 S/b, LOQ = 10 S/b, (where S is the standard deviation of the ordinate intercept and b is the slope of the regression line.)
Application of the method
Three synthetic sample solutions containing 25, 30 and 45 µg Pd was used as the real sample. The solutions were prepared and treated according to the general procedure. The Pd amount was also determined by a reference method. The results are presented in Table 4 which shows no interference with the media. 
Conclusion
From the results of this study it can be concluded that the proposed spectrophotometric method using the new sensitive and selective reagent DPhDTT for determination of Pd is a simple and reliable and inexpensive method. However in comparison with the results obtained with atomic absorption method, the proposed method can be recommended in routine analysis 
Acknowledgment

